Volvariella volvacea (Bull. ex. Fr.) Sing. is a fungus of the tropics and subtropics. The changes in ultrastructure from the growing apex to the proximal part of a single hyphal cell could be distinguished not only by the distribution of cellular organelles but also by the electron density of cytoplasmic matrix, although the definite demarcation of the zone was impossible. The apical zone is characterized by abundant small apical vesicles. Mitochondria are clustered in the transitional region. The subapical zone is rich in a variety of cytoplasmic organelles including the nuclei. Towards the proximal region ageing proceeds and density of cytoplasmic matrix decreases. The cytoplasmic vesicles with dense granules found in both subapical and aged regions are considered to be formed either from the bulging cisternae of endoplasmic reticulum or from a system of cisterna membranes. The vesicles often broke from their limiting membranes and released their dense contents into the cytoplasm. They were also fused with vacuoles as well as with plasma membrane. Although the chemical nature of these vesicles is not known, their possible functions are discussed.
in ultrastructure from the apex to the proximal part of an apical cell of a single hypha were studied with attention focussed on the vesicles containing dense granules.
The vesicle structures and their relationship to other organelles constitute the main objective of this report.
MATERIALS AND METHODS
Vegetative mycelia of V. volvacea were originally isolated by CHANG (11) from the tissue of the fruiting body. The method we employed for culturing and embedding of growing hyphae in the plane of filaments was based on the work of GIRBARDT (10) .
A piece of the culture, cut from a growing edge of mycelial colony, was inoculated on the surface of a thin film of agar medium (2), which had been plated on a carbon-coated slide (12).
Slide cultures were incubated in a moist chamber at 35° for 12 to 18 hr, and then fixed in shallow troughs with 3% glutaraldehyde solution in 0.1 M collidine buffer (pH 7.0) overnight.
They were washed several times with the same buffer and postfixed with 1.33% 0504 in 0.067 M collidine buffer for about 8 hr. After rinsing in water, the fixed cultures were soaked in a 0.5% aqueous solution of uranyl acetate for 2 hr, dehydrated through a series of acetone with increasing concentrations, and then embedded in Vestopal W, using methyl methacrylate as an infiltrating agent (13). After polymerization, the desired regions of hyphae were trimmed, and glued onto the top of precast capsules for sectioning.
The embedded hyphae were oriented in the ultramicrotome (Porter-Blum MT-2) parallel to the knife so that longitudinal sections through hyphal apices could be obtained.
Sections were stained with uranyl acetate and lead citrate according to REYNOLDS (14) and examined in a JEM-7A electron microscope. For taking electron micrographs at a low magnification less than 5000 times, a high contrast wide-field observing attachment (JEM-ACW) was used.
The scale line in all the figures represents 1 i, except in Figs. 1, 14, and 15, in which the line shows 10 jc. Abbreviations : AV, apical vesicles ; B, amorphous body; C, crystalloid structure ; ER, endoplasmic reticulum ; M, mitochondrion ; N, nucleus; V, vesicle containing dense granules ; VA, vacuole; W, whorling membrane structure. section showing the first one-third of the growing apex of an apical cell of a hypha of Volvariella volvacea. Note the distribution of dense granules. Fig. 2 . Hyphal apex taken from another section of the same hypha as in Fig. 1 , showing an accumulation of apical vesicles at the tip and abundant mitochondria in the transitional region. Fig. 3 . Enlargement of a part of Fig. 1 , showing the vesicles containing dense granules and membranous structures. Fig. 4 . Enlargement of another part of Fig. 1 , showing the presence of dense crystalbids (C), amorphous bodies (B), nuclei, and cytoplasmic components.
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RESULTS

General remarks
Vegetative hyphae of V. volvacea showed an extended growth on the surface of an agar film with few aerial hyphae.
Tip cells of the hyphae at growing edge of a small colony varied from 4 to 7 i in width, from 26 to 250 /2 in length.
An apical cell of over 200 tc length of a single hypha was selected for ultrathin sectioning because it is the youngest in a series of progressively ageing cells.
The fine structures of the growing region of the distal part and of the aged zone of the proximal part of an apical cell were distinguishable not only by the distribution of cellular organelles but also by the electron density of the cytoplasmic matrix (Figs. 1, 14, and 15) . Although a definitive demarcation of the zone was not demonstrable, the distal half or two-thirds of apical cells constituted the growing region where apical, transitional, and subapical zones were recognized, and the remaining proximal half or one-third was the aged zone.
Ultrastructure of the growing region of a hypha Fig. 1 shows approximately the first one-third of the growing apical cell. At the tip of an apical hypha, there is a zone rich in apical vesicles (Fig. 2) and devoid of such organelles as mitochondria, nuclei, and other membranous structures.
This apical zone at the tip does not exceed 5 p in length. Following this, there is a transitional zone extending over 30 to 35 p from the tip, in which a number of mitochondria, 5 p or longer and 0.3 to 0.5 p wide, aggregated but no nuclei or vacuoles were seen ( Figs. 1 and 2 ). Proximal to this mitochondria-rich region, there is a subapical zone of considerable length extending over 100 p or more, in which all kinds of cytoplasmic organelles can be seen (Figs. 1, 3 , and 4). Nuclei, usually spindle-shaped, and of approximately 3.5 to 5 p long by 1 p in width, were observed ( Figs. 1 and 4) .
Crystal structures of a high electron density were seen to be distributed throughout the subapical zone. They vary greatly in size from 0.2 x 0.4 u to 1.0 x 1.4 p and are of rhombic form (Figs. 3 and 4) . Smaller crystals were generally surrounded by a membrane ( Fig. 7 ; double arrow) while larger developed ones exhibit only remnants of the limiting membrane (Fig. 5) .
Small numbers of ellipsoidal amorphous bodies are also seen (Figs. 3 and 5 . Crystalloid structure.
6. An amorphous body of homogenous matrix. Note ribosomes outside this body. 7. Cytoplasmic vesicles containing dense granules.
At the top of the figure a part of crystalloid bounded by a membrane is seen (double arrow). A vesicle at the top clearly shows an alveolar appearance of the membrane (arrow). 8. Fusion of vesicles (arrow) and a large vesicle with fibrous inclusion having no clear limiting membrane.
Cytoplasmic
Vesicles of Volvariella volvacea 169 4). They vary in size from 0.4 x 0.6 , t to 0.7 x 1.2 ,ce. Even under higher magnification, these bodies appear to be homogeneous and structureless (Fig.  6 ). Apical vesicles as observed at the hyphal apex can also be demonstrated at the tip of a branching hypha (Figs. 23 and 24) . Their size ranges from 70 to 100 nm in diameter.
Abundant dense granules, seen in low magnification micrographs ( A bulging of cisterna-membrane containing a dense granule was observed in a system of cisternae ( Fig. 10 ; arrow) ; small vesicles with dense granules were also seen in connection with endoplasmic reticulum (Figs. 11 and 13; arrows). These observations suggest that small vesicles are produced from either endoplasmic reticulum or cisternal membrane in such a way that the tiny granules would be enclosed in a membrane sac. Some vesicle membranes display alveolar appearance ( Fig. 7 ; arrow) , thereby indicating that it may have resulted from coalescing of smaller ones. In fact, fusion of vesicular membranes is clearly demonstrated in Fig. 8 (arrow) . Enclosure of vesicles by the membrane of a developing structural whorl seems to be another way of giving rise to a larger vesicle (Figs. 11 and 12) .
Internal structures of the vesicle vary in their appearances, but most vesicles contain vesicular membrane structure as well as amorphous fibrous material.
In addition, they might include smaller vesicles (Figs. 9 and 10; double arrows), and small whorled structures ( Fig. 12 ; double arrow). Some large vesicles with broken membrane show a vacuolar structure containing fibrous network of low density ( Fig. 8 ; V) . Fig. 9 . A system of cisternal membrane, around which a large number of vesicles appear. Fig. 10 . A high power view of another cisternal membrane. A bulge of cisterna contains a dense granule (arrows), and some larger vesicles contain smaller ones (double arrows). Fig. 11 . Small vesicles are observed in association with ER (arrow), and a vesicle seems to be enclosed by a developing whorl membrane. Fig. 12 . Vesicles enclosing the smaller vesicles with other fibrous materials. At the left, a vesicle is seen showing typical encasement of vesicles (double arrow), and a whorl of membrane is also seen. Fig. 13 . Vesicle membrane is in continuity with endoplasmic reticulum (arrows).
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Ultrastructure of the aged zone distant from the apex
The aged region distant from the apex constituting a proximal half of a tip cell is characterized by decreasing density of cytoplasmic matrix due to a decrease in ribosome concentration (Figs. 14a and 15a) . A zone about 170 p distant from the tip is shown in Fig. 14 , and that about 200 p from the tip in Fig. 15 . The number of cell components also decreases towards the proximal region. Nuclei, mitochondria, and other cell components appeared densely relative to a significantly less dense cytoplasmic matrix.
Vesicles in the aged zone are readily found in the cytoplasm (sometimes in linear arrangement).
Boundary membranes of some vesicles are partially or wholly broken, releasing their granular contents into the cytoplasm (Figs. 16, 17, 19, and 20) . In the cytoplasm, 200 p or more distant from the apex near the septum, vesicles are frequently associated with vacuoles of various sizes (Figs. 18, 21, and 22) . Some are close to the vacuoles (Fig. 22) and others, in the process of fusion ( Fig. 18; arrow) .
The larger vacuoles contain globules of same density limited by a membrane.
Some dense materials are attached to the globule membrane (Figs. 18, 21, and 22) . This suggests that vesicular materials may be included into a vacuole.
Vacuoles and vesicles are frequently observed in contact with cell periphery (Figs. 20-22) . Fusion of vesicular membrane with plasma membrane is also indicated ( Fig. 21; arrow) .
These observations seem to indicate the secreting of the inclusion material from the vesicles out.
Fine structure of a branching hypha A longitudinal section of a branching hypha was cut near the median plane (Fig. 23) . General features of the branching cell are very similar to the growing zone of the main hyphae described above, except that the cytoplasm appears to have less electron density.
The apex of the branch is rich in apical vesicles and devoid of other organelles (Fig. 24) .
Vesicles with dense cores were also found throughout the cytoplasm, Concluding remarks Based on the above observations on the cytoplasmic vesicles a generalized scheme for their origin and their transformation in the growing hypha of V. volvacea may be postulated as follows.
The vesicles containing dense bodies are formed either from the bulging cisternae of endoplasmic reticulum or from a system of cisterna membranes. In either case the process involves folding and wrapping of dense material with the developing membrane.
The vesicles grow to form larger ones either by increasing their size or by coalescence with each other.
Processes leading to vesicle formation are usually observed in the distal growing region where all the common cytoplasmic organelles are abundantly observed, but not in the aged zone close to a septum where vesicles seem to be undergoing transformation.
It appears that some vesicles free in the cytoplasm at times may break along their limiting membrane, thereby releasing their dense contents.
Others fuse with each other, leading to the formation of a vacuole containing fibrous material.
Fusion of vesicles or vacuoles with plasma membrane was thus frequently observed.
These processes of formation and transformation of dense vesicles suggest that the vesicle is a kind of membrane-bound sac for concentrating materials that could be used later in a region far from its place of origin.
DISCUSSION
Ultrastructure of ageing cell in fungi
Fungal hyphae grow at the dome-shaped apex of the tip cell, leaving the proximal region where progressive maturation or senescence is taking place. The individual parts of a hypha show a morphological and functional differentiation between an apical and proximal region (8). TANAKA and YANAGITA (6) disclosed several features in the fine structure of hyphal cells between the different zones of a mycelial colony. However, these studies could not give a clear picture of any defined region in a single hypha because the sections were obtained on the mycelial mats as a mass of hyphae. More recently, however, studies on the ultrastructure of a single hypha have been carried out on the sections obtained longitudinally parallel to the cell axis, thus enabling one to correlate the electron micrographs with the regions in the living cell as observed by light microscopy (15, 16).
In a single hypha of a phycomycete Pythium ultimum, which has no septa in the vegetative hyphae, three zones were distinguished ; an apical zone characterized by an accumulation of apical vesicles, a subapical zone rich in a variety of cell components and a proximal zone of vacuolation (16). Our studies on Volvariella volvacea hypha, a septate basidiomycete, revealed similar differentiation of the fine structures, but not a zone of vacuolation, since the studies dealt only with the tip cell. The apical zone consisted of an accumulation of apical vesicles and the cellular structure behind the apex Vesicles of Volvariella volvacea 177 could correspond to the subapical zone as defined in Pythium. Furthermore, in this region we could distinguish the progressive changes of fine structure in a tip cell, namely, decreasing density of cytoplasmic matrix, changing distribution of cytoplasmic vesicles and membrane structures.
Cytoplasmic inclusions other than vesicles in fungal cells
Crystal bodies similar in shape and dimensions to those observed in this fungus were also reported in Neurospora (17 ), Ascodesmis sphaerospora (18 ), and Basidiobolus ranarum (19 ). TsUDA and TATUM ( 20 ) considered the crystalloid as composed of ergosterol by cytochemical tests, and similar structures were observed in plant and animal cells as microbodies or peroxisomes. Such a possible correlation between the crystal structure and microbodies is quite within reason. The role of an amorphous body, relatively large and exclusive of the ribosomes found in V. volvacea, is not known.
Vesicles limited by a single membrane observed in fungal cells
Vesicles of various sizes limited by a single membrane have been observed in a wide variety of fungal cells, quite frequently in the process of morphological differentiation.
The vesicle formation was reported in the sporangia of some aquatic fungi such as in Gilbertella persicaria ( 21), Blastocladiella emersonii (22), and Saprolegnia (23).
One of the most common vesicles referred to vegetative hyphae is a structure seen at the apex (apical vesicles) which was recently discussed in relation to the Spitzenkorper observed under light microscope (16, 24, 25) . It seems to be generally accepted that this vesicular structure is a cell component involved directly in hyphal tip growth (24, 25) . In V. volvacea, apical vesicles were observed at the tip of the growing apical cells as well as of the branching hyphae.
Another vesicular structure called multivesicular bodies has been described in several fungi in addition to the vesicles found at the hyphal tip. Their functions have been associated with secondary wall synthesis along the hyphal cell with the formation of lomasomes (26) and/or with the secretion of extracellular enzyme (27) .
Particulate localization of proteolytic enzyme was demonstrated by MATILE (28) by fractionation method in Neurospora hypha, and later it was confirmed that this particle had an envelope of a single membrane (29). Possible presence of lysosomes in fungi has been suggested by demonstration of particulate localization of acid phosphatase by a histochemical method (30). Morphologically, vesicles interpreted as autophagic ones were observed in the stage of sporangiophore development in Phycomyces blakesleeanus (31). However, as in the case of P. blakesleeanus, fine structural analysis of the induced autolysis by glucose starvation in the vegetative hyphae of Penicillium chrysogenum failed to demonstrate the involvement of autophagic vesicles (32).
Thus, cytochemical demonstration of acid phosphatase by electron VOL. 18 microscopy could be a direct evidence for the lysosomal structure, but so far we have not yet done this on the V. volvacea hyphae. We could not show vesicular structures enclosing cellular components of autophagic vesicles either, although some were suspected of being related to the formation of vacuoles.
Cytoplasmic vesicles in fungal cells are usually formed from endoplasmic reticulum or dictyosome membrane (16, 24, 33) , since lysosomal structures have their origin in Golgi apparatus in both plant and animal cells. Accordingly, vesicles in V. volvacea hyphae could also be formed from the endoplasmic reticulum or a system of cisternae. The latter might be a morphological counterpart of the dictyosome which this organism does not have.
The chemical nature of the dense material enclosed in the vesicle is not known.
Strong stain of the material by the method we used suggests a high content of lipid, by virtue of the fact that vesicle formation involves active synthesis of membrane.
Polyphosphate granules have been commonly found in fungal cells.
Frequent association of the polyphosphate granule with vacuolar structures (6, 34) and the possible reutilization of vesicle inclusion in the branching hypha suggest another possibility that polyphosphate might be associated with the vesicles.
In any case, the chemical nature of vesicle material is not yet known. Nor are we able to reach a definite conclusion on the function of the vesicle we studied.
However, it is plausible that vesicular structure would play a part in isolating, compartmentalizing, transporting, and secreting the material in the cytoplasm, whether it be a kind of energy source, protein storage, exoenzymes, hydrolytic enzymes, or others.
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